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ABSTRACT
An estimated 3.4 million people die each year from unsanitary water or inaccessible water
supply. Most of these deaths take place in the developing, third world (99%). There is a
dilemma arising on the world stage as well. The water demand/supply deficit is expected to
increase significantly over the next 37 years if preemptive action isn’t taken. 97% of the world
water supply is oceanic, making it an attractive solution to the water deficit. Providing
autonomous, “deploy and watch” systems for utilizing sustainable energy to provide purified
water for unitized low pricing has the potential to penetrate a large world market, both in the
humanitarian sector and in the private sector. In order to understand the science of purification
and desalination specifically, it is imperative to understand the technologies and science behind
distillation and other desalination methods. This project utilizes Multistage Flash Distillation and
Multiple-Effect Distillation to desalinate water on a modular level. The average adult needs
approximately 3 liters of water per day to survive; this project aims to validate that a unitized
zero emissions product could produce enough water for a single family of four to survive off of.
Results in testing prove that the concept is valid and could be productized with further
development.
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SECTION I: INTRODUCTION

Problem Statement
An estimated 3.4 million people die, worldwide, every year from inadequate water sources and
water sanitation. Fresh water is rapidly becoming an internationally scarce commodity. The
world population is growing and urbanizing, moving further away from fresh water sources. 780
million individuals lack access to basic sanitary waters.
While a large majority of deaths due to water shortage or impurity take place in the
developing, third world (99%), there is a dilemma arising on the world stage (Water Facts 2012).
Large cities, growing rapidly in coastal regions, use vast aqueducts and water transportation and
piping projects costing billions. After transporting the water, it is treated and purified, raising
further costs. Total global economic losses currently associated with inadequate water supply
and sanitation is estimated at US$ 260 billion annually (Hutton, 2012).
With 40% of the world’s population living within 100km of the coast and more moving
into the urbanized coastal regions every year, water is becoming an economic concern (Levy,
2008). Desalination of the world’s oceans has long been considered a candidate for solving the
ever growing water dilemma.
FEMA recommends a minimum of 2L of water/person/day. This project attempts to
address fresh water market needs through designing and prototyping a new method of
desalination specific to the individual consumer market.

Needs
The purpose of this project is to develop a prototype of a unitized, low cost, water
distillation/purification unit. This unit needs to be universally deployable and reasonably mobile.
All other needs are secondary and tertiary to these primary goals.
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The requirements for this product are presented in a prioritization matrix (Table 1). These
needs are based on high need and consumer level markets. They are each weighed against other
needs to tabulate a percentage ranking (out of 100%).
Table 1: Prioritization Matrix of Needs
Prioritization
Matrix
Capacity:

Low

Potable Water

Cost

Low

Functional:

Water

Maintenance

Desalination

Purification

5

1

0.1

5

1

1

Automated

Output

Low Cost

0.2

Row

Cumulative

Total

Importance

1

8.4

6%

5

5

21.4

15%

0.2

1

1

3.8

3%

0.2

1

5

9.4

7%

1

10

10

46

32%

10

10

46

32%

1

4.4

3%

3.6

3%

143

100%

Compact

Portable

0.1

1

0.2

0.2

0.2
0.2

Capacity:
Potable Water

5

Output
Automated

0.2

0.2

1

1

1

10

5

5

5

10

5

5

5

1

Compact

1

0.2

1

1

0.1

0.1

Portable

1

0.2

1

0.2

0.1

0.1

Low
Maintenance
Functional:
Desalination
Water
Purification

1
Total:

•

Low Cost

It is of relative importance for the unit to be affordable and attainable for all. This is an important
factor in material selection and unit design. The product is being designed with manufacturability
and standardization as key goals.
•

Capacity: Potable Water Output

The unit must be able to produce a benchmarked quantity of freshwater.
•

Automated

The product must be as hands off as possible. This requires significant automation. While the
unit must integrate automation, simplicity and reliability is cornerstone.
•

Low Maintenance

Low maintenance is necessary for a hands-off itemized product solution. This increases long
term reliability, and increases deploy ability to the non-technical consumer market.
•

Functional: Desalination
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Desalination is important in helping and reaching a substantial market. While there are portable,
water purification systems, the desalination market it relatively untouched.
•

Water Purification

While desalination greatly increases the function of this project, water purification is imperative
to its success to its fundamental functionality. The unit still has a market as a water purification
unit without the added versatility of desalination. Total dissolved solids in ocean water can reach
levels as high as 40,000 ppm (parts per million). The impurities in ocean waters contain high
levels of metals and salts including sodium, calcium, magnesium, bromides, iodides, sulfates,
and chlorides. Competitive desalination plants utilizing distillation methods can produce purities
between 1 and 50 ppm.
•

Compact

The unit must be sized to fit within the footprint of a pallet. The maximum desired area is not to
exceed 40in X 48in. This is essential for distribution and storage purposes, as well as to make the
product unitized and portable.

Background or Related Work
This project utilizes technologies from a multitude of fields. The premise of using solar energy to
heat water requires a detailed look into concentrated solar power and its strengths and
weaknesses. In order to understand the science of purification and desalination specifically, it is
imperative to understand the technologies and science behind distillation and humidification.
This is the primary form of purification used in this project.
In addition to reviewing the background technologies, it is also important to take an in depth
look at water consumption and the water market(s). This will be fundamental to developing a
solution tailored to the most relevant markets.

Objectives
1. Perform research investigating alternate mechanisms for zero emission water
distillation/desalination.
2. Modularize and unitize a water purification system that uses parabolic mirrors and/or
Fresnel lenses.
3. Design and construct a prototype.
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4. Develop Manufacturing Plan.

Contribution
This project aims primarily at the individual level consumer market and will also have significant
implications in the humanitarian market. The humanitarian market represents the majority of
individuals living in conditions that lack adequate quantities of sanitary water (780 million
worldwide). These units will be sold through humanitarian, non-profit corporations.
The commercial consumer market represents main channel sales to individuals,
communities and businesses (such as hotels, resorts, theme parks, etc.). Communities and large
businesses can implement larger units for scaled water purification. These units will initially
have greater appeal in island communities or coastal communities lacking infrastructure.
The “green” market, representing early adopters in sustainable technologies, has potential
market depth. This project represents a significant step forward in progressive, sustainable
technologies. The aims of this project have potential to shape the future of water supply.

Scope of Project
This project is limited to designing, prototyping and testing a concentrated solar powered
purification and desalination unit. The project also includes a literature review of concentrated
solar power technologies and competition in the water purification and desalination market.
The purpose of this is to develop a firm understanding of the technology, history, applications,
market, and feasibility of this project.
Several models and designs will be created, progressing through stages of improvement, with
a finalized optimum design for the prototype and a product ready system level model. A
functional prototype for testing and displaying the unit will be fabricated. This prototype will
have limited functionality and will be referred to as a minimum viability product. It is outside the
scope of this project to produce a fully functional product. The prototype(s) are designed to
validate claims and progress designs with quantitative and qualitative results.
A strategic business model, showing the plans for development and release of the unit will be
created. Finally, a product review will culminate final thoughts on the product/project, as well as
include a system level design of the next prototype and goals moving forward with future
designs.
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SECTION II: LITERATURE REVIEW

Project Purpose
The purpose of this project is to develop a concentrated solar powered purification and
desalination unit using available materials and technologies. The product needs to be unitized
and meet specified output criteria. The goals of the product are simple. The system aims to use
solar power in order to desalinate and make water potable. The product must be designed for
single-family units; this requires it to be small enough to be deployable and low in
manufacturing costs to address the needs of the developing world.
A review of competitive products and technologies available on the market is necessary.
This research will help develop a foundational understanding of the technology. Thoroughly
understanding the applications and market currently utilizing the technologies discussed in this
report will greatly benefit in ascertaining the feasibility of requirements for this project. This will
generate the skeletal understanding of benchmarks for moving forward with prototyping.

Literature Review Overview
Due to the entrepreneurial spirit of the project, the research performed will utilize market
viability and manufacturability as key benchmarks. This review will comprise: concentrated
solar power, including the history of Concentrated Solar Power, and an overview of CSP
Technology; desalination, including the history of desalination and desalination technology;
market information including finding a market niche and differentiation from competitors.

Concentrated Solar Power
The aim of this project is to implement the use of Multiple-Effect Distillation (MED) in
conjunction with Multistage Flash Distillation (MSF). The project will validate the potential for
such a product to exceed current output of competitors based on the area of the Concentrated
Solar Power (CSP) in use.
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History of CSP:
CSP has been used to harvest energy from the sun for thousands of years. In 212 BC, it is said
that Archimedes used the reflective properties of “burning glass” (assumedly in the form of a
lens) to concentrate sunlight on approaching Roman ships in order to set them afire.
In 1866 Auguste Mouchout created a parabolic trough to produce steam for the first solar
steam engine. Italian inventor Alessandro Battaglia patented the first solar collector 20 years
later in 1886. In 1913 Frank Shuman developed a 55 HP parabolic solar thermal energy station.
This unit was used to power irrigation systems in Egypt (Cutler 2012).
Dr. R.H. Goddard, research scientist and expert on liquid-fueled rockets, designed the first
solar power system utilizing a parabolic dish to harness energy from the sun. He presented this in
an article in 1929, in which he claimed that all previous obstacles to harnessing the sun had been
addressed (Goddard 1929). The first concentrated solar power plant following the traditional
model today was designed and built by Professor Giovanni Francia in 1968 Sant’llario, Italy.
This plant produced steam at 100 bar and 500oC (Butti 1981).

Current Uses:
The most recent popular function of CSP is in the creation of power. CSP is used to heat an oil or
sodium based medium, transferring that heat to water ("4 CSP facts & figures," 2012). The steam
generated is used to drive a turbine which in turn create electricity; see figure 1 for the total CSP
power generated since 1984. This form of CSP gained widespread appeal, and exponentially
grew from 1968 (when the first “Modern” plant was created) to 2012.
Figure 1: Total CSP Installed Worldwide
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Desalination

History of Desalination:
In the 1960’s, the only economically viable option for desalinating water was in Multistage Flash
Technologies. In the ‘70s, two new technologies evolved for desalination, Multi-Effect
Distillation (MED) and Reverse Osmosis (RO). These three technologies have been the primary
processes used worldwide for desalination.
MSF and MED have been widely implemented in conjunction with power production,
utilizing the latent heat from such processes. RO is commonly viewed as the only independently
efficient method for desalinating water (Fritzmann, 2006).
The US Office of Saline Water (OSW) has presented studies evaluating the potential for
dual-purpose plants to cost effectively deliver power and desalinated seawater. In 1960, it was
upwards of approximately $15.00/1000 gallons to desalt water. With research and private
investment, this has dropped to approximately $2.50/1000 gallons ("Sustainable solutions for,"
2012).
While water production costs are going down, and desalination technologies have been
significantly improved, experts do not predict any large decreases in the cost of desalination.
However, stringent regulatory requirements and a steady (albeit small) decline in cost are
expected to increase the rate at which we produce fresh water from salinized sources. Regulation
has pushed more money into the market, allowing for growth and improvements to be made.

Desalination Technologies:
There are two primary methods for desalination in use today. Membrane processes utilize reverse
osmosis (RO), a pressure driven process. Thermal processes involve humidification or
distillation for water purification, utilizing sources of heat such as the sun, atomic sources, or
latent energies off of other types of power plants. Electro dialysis is a voltage driven process for
removing salt from water. This section will focus on thermal desalination, as in figure 2.
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Figure 2: Thermal Desalination Process

Distillation Technologies:
The primary distillation systems in use today include Multistage Flash Distillation (MSF),
Multiple Effect Distillation (MED), and Vapor Compression Distillation (VCD). Distillation
plants have the potential to produce excellent water purities of about 1 to 50 parts per million
Total Dissolved Solids.
Distillation processes use thermal energies to heat source water. The vaporized water is
condensed, and has very low total dissolved solids (TDS). The concentrated brine is left behind
as a residual compound. While the inorganics, salts and natural organics with high molecular
weights can be easily separated, petroleum chemicals can be present due to oil spills and source
water contamination. This can lead to the volatile chemicals contributing to the pressure
collecting in the system, causing impurities in the output.
Figure 3: Solution Vaporization

Essentially, distillation is the boiling of water. Water has a boiling point of 100°C
(212°F) at 1 atmosphere (760 mm Hg or 14.7 psi). As pressure decreases, boiling temperature
simultaneously decreases. Figure 3 shows a simple representation of the vaporization process.
The heat of vaporization is the amount of heat it takes to vaporize a given amount of a
substance. The heat of vaporization for water is 2,256 kilojoules per kilogram at 100°C (970 Btu
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per pound at 212°F). It takes the same amount of energy to turn the vapor into condensation.
This heat is frequently utilized in desalination processes to pre heat the feed water, further
improving the systems thermal efficiency (Cotruvo, 2002).

Multistage Flash Distillation (MSF):
Multistage Flash Distillation is the process of rapidly heating water, flash boiling it into a vapor.
This vapor is then cooled rapidly, resulting in condensation. This is done by running the vapor
over surfaces that contact feed water or other cooling devices.
Approximately 25% to 50% of the water flow is generally collected as fresh water in
multistage plants. These plants typically have high corrosion and scaling.

Multiple Effect Distillation (MEF):
This is done using the high energy transference qualities of condensation. Steam is condensed on
one side of a tube, ran either horizontally or vertically. This in turn evaporates salt water on the
other side of the tube. Each stage sequentially reduces the pressure as temperature decreases. In
order to increase performance, the temperature in each stage can be increased.

Vapor Compression Distillation (VCD):
Vapor Compression Distillation is the use of pressurization of air to cause condensation on a
surface, resulting in the vaporization of water on the other side of that surface. The primary
energy systems in VCD are compressors. These are used to increase the pressure of one side of
the surface, decreasing the pressure of the brine containing side of the surface, concurrently
lowering the boiling temperature.

Maintenance:
Due to the nature of desalination and water impurities removal, periodic cleaning is needed.
“Scale,” as well as salt deposits, collect in the tubes and must be removed (Cotruvo, 2002). This
adds several considerations to the design and construction of the product; all components and
features that come into contact with saline water must be easily removed and cleaned.
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Market Information: The World Water Market
As a basic necessity for life, water has been and always will be a requirement for civilization.
There are many communities all over the world that don't have access to clean, potable water.
While the water market and need for purification is clear, product placement is paramount to the
successful rollout of any new offering; particularly regarding a market that sees such a large
deviation in demand across the world. The first step in assessing market potential for the product
is to look at the current state of affairs on the world water stage.
It is expensive in energy and tooling costs to purify water. As of now, there is no low
cost, high output zero emissions device for consumer level sale. Providing autonomous, “deploy
and watch” systems to provide purified water for unitized low pricing has the potential to
penetrate a large world market, both in the humanitarian sector and in the private sector.

Water Supply and Demand:
While in normal economic situations a valuable resource would draw new investment and
private industry, fundamental availability of fresh water to the first world has created a situation
in which the industry of water infrastructure is not keeping pace with the increase in demand for
water. 99% of the world water deficit occurs in the Third World developing countries. The
majority of innovators, entrepreneurs and capitalists live in or are based in the first world.
It is imperative that humanity start to consider alternate forms of water purification and
provision in order to keep up with the world water demand. Under an average economic growth
scenario, and if no efficiency improvements are made between now and 2030, it is estimated that
world water requirements would grow from 4500 billion m³ today to approximately 6900 billion
m3 (United Nations, 2030 Water Resources Group, 2009).This is approximately 40% above
current water supplies. While this represents a significant deficit, this value does not do justice to
the actual challenges faced by local communities. One third of the world population, primarily in
the Third World, will face deficits larger than 50%.
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Figure 4: Aggregated Global Water Deficit

The world water economy can be divided into three primary segments; agricultural,
industrial, and domestic. Agricultural water demand currently makes up 71% of global water
withdrawals. This accounts for approximately 3100 billion m³. This is expected to increase to
approximately 4500 billion m³ by 2030 or approximately 65% of water withdrawals in 2030.
Industrial demand calls for approximately 16% of today's global water supply, and as
shown in figure 4, this may grow to up to 22% of the world water supply in 2030.
The domestic demand for water is expected to decrease, from 14% today to 12%, however it is
expected to grow in emerging markets worldwide (United Nations, 2030 Water Resources
Group, 2009).
This data aggregates some simple assumptions to be made for the future water market.
Firstly, the future demand for water is going to be largely based on the need for agriculture and
food production. This need is going to primarily be seen in developing countries such as India,
sub Saharan Africa, and China.
Given the lack of improvements made over the last four decades, the outlook for a green,
sustainable method for providing fresh water while keeping up with demand requirements is
problematic. As seen in Figure 5, if the annual rate of efficiency maintains a steady climb of 1%
until 2030, these improvements in efficiency would address only 20% of the supply/demand gap.
This implies that if we stay on the current trend for improving water supply, either our
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environmental resources will be drained resulting in ecological catastrophe, or fossil reserves
could be depleted, of which the implications would be staggering. None of these assumptions
take into consideration the issue of global climate change. This uncertainty needs to be
accounted for, and the private sector needs to address this water shortage with greater urgency.
Figure 5: Projected Water Demand vs. Supply

Figure 6: Cost of Alternative Water Supply Solutions

Currently, prices for water fall under $0.10 per meter cubed in most cases. The most
expensive supply measures on the market can reach $0.50 per meter cubed. The lowest cost
water produced from desalination typically ranges from $0.70 to $0.90 per meter cubed; see
Figure 6 for a comparison between this and other alternative solutions for meeting the water
deficit. If a more aggressive approach to water supply is not taken, this could imply large
investments over current infrastructure costs; potentially up to four times the current expenditure
(United Nations, 2030 Water Resources Group, 2009).
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Researching the current market and future markets for water purification and desalination
is vital to the development of the unit. This gives a basis for benchmarking requirements and
setting focus on the most value-added properties of the project. The methods for capitalization of
this technology require a firm understanding of the potential market niches that the product may
fit into.

Potential Market Niches:
When discussing the market niches available to this product, it is vital to discuss each potential
channel individually. For the sake of simple structuring and ease of organization, the following
market analysis will separate clientele into several key categories. This will include; the “Green”
Market, coastal resorts and communities, consumer level, and Humanitarian Markets.

The “Green” Market:
The marketable implications of producing potable water with zero carbon output are numerous.
Not only is there a large consumer driven movement promoting a sustainable future, indicators
suggest that individuals are willing to let this play a primary role in purchase decisions,
sometimes in lieu of higher prices or higher upkeep costs.
A massive cost in the current water supply lay in transportation. Water is frequently
moved thousands of miles to its final distribution center. The infrastructure needed, along with
the large quantities of water lost throughout the process (either through evaporation, spillage, or
other), have significant environmental costs attached. While a small scale desalination unit,
following similar pricing patterns, will cost more per gallon that the alternative cost of
transporting water into an area, the negative environmental externalities associated with
transportation are avoided, attracting the “Green” Market.

Consumer Level –Family, Individual Level:
Most modern approaches to current and projected water scarcity attempt to maneuver into high
investment cost, high capacity markets such as large scale CSP Electric Plants (with desalination
as an added benefit) and industrial applications. While these approaches are necessary for
required scales of output, they discredit the monies available in the consumer level markets.
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Water is the most needed commodity for survival. This fact has potential to heavily
impact buying habits, and provides a built in market of consumers in rural, inaccessible areas,
coastal regions and islands. Areas with low accessibility further increase the viability of this
product. Transportation costs of water can be extreme in these areas, making a potentially more
expensive initial investment more reasonable.

High Need Markets:
In a large portion of the world, water deficits are already having a substantial impact on living
conditions and health. This unit would be ideal for humanitarian markets; many of the areas with
water deficits are similarly low in economic valuation, receiving assistance from foreign and
domestic aide agencies. These agencies often invest in potable water solutions, often through
imported water. A desalination and water purification unit could act as a permanent alternative to
a long term problem.
One such region is the Middle East and North Africa. The majority of these countries are
considered below water poverty levels, with four countries achieving above 1000m3/capita/year
(the water poverty line) (Fritzmann, 2006).
In these regions, it is highly anticipated that seawater desalination takes part in closing
the deficit in water demand and supply.
Emergency relief would also fall under high need markets. Disaster relief areas are those
which experience a high immediate need due to natural phenomena (storms, hurricanes,
earthquakes, etc.). These areas often lack potable water. A pallet sized desalination unit that
could be easily transported to and implemented in these areas would be an ideal tool for assistive
efforts. Clean water is needed not only for drinking, but also for cooking and medical sanitation
issues.

Geographic Limitations:
Due to the nature of concentrated solar power and its reliance on the sun for functionality, the
implementation of this unit would be most effective in areas close to the equator. figure 8 is a
thermal imaging map released by NASA, representing net thermal radiation over the globe in
March. This would imply that designing and marketing the unit specifically for these areas
would be the most effective implementation ("Net radiation: Global,”).
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Figure 7: Net Solar Radiation (W/m2)

Competition:
Desalination is one of the oldest techniques for water purification, primarily through the use of
stills. In the current market, there are many alternative systems utilizing solar sources for
purification. The exclusive usage of renewable energy sources for desalination is only performed
by a slight margin of the water purification market with low output solutions. These solutions are
limited in scope, either producing low quantities, low efficiencies, high maintenance
requirements, or high prices. Companies have tried to breach different markets with unsuccessful
products, however in the research of potential markets and competitors, this review will
primarily focus on direct competitors. This review will also broach similar products or concepts
of companies that may not have any inclusion in future competitors.
F CUBED, an Australian company, has developed and introduced the “leading low cost and
environmentally friendly Carocell solar desalinating technology.” Carocell boasts several key
indicators of success, including environmental friendliness, low cost, Zero Liquid Discharge
(when panels are used in series), and no electronics or power source. These supplement its ability
to produce high quality potable water from any source, including seawater and contaminated or
polluted water. As a byproduct, high value fractionalized salts can be collected. These salts can
be used in the mining industry and sold as added value to the product.
Ground or roof mounted solar panels can be sold to families (as single units) or can be put in
series to provide for larger applications. See Table 2 for details on the products released by F
CUBED.
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Table 2: F CUBED Products
CAROCELL 1000

CAROCELL 3000

Portable Solar Still

Domestic Applications

Water Output*:

Water Output*:

Temperature 20°C 5 Liters / DAY

Temperature 20°C 16 Liters / DAY

Temperature 30°C 7 Liters / DAY

Temperature 30°C 20 Liters / DAY

Dimensions: 1150 x 1150mm x 50mm

Dimensions: 1110 x 2880mm

Surface Area: 1m2

Surface Area: 3m2

Weight: 7kg

Weight: 17kg

*Water output may vary depending on solar energy and rainfall available.
The target product for this project would be sized between the Carocell 1000 and
Carocell 3000. The favorable properties of the Carocell 1000 lay in its relatively small size, high
modularity, low maintenance requirements, and high efficiency. Unitized scalability also allows
for greater market penetration in growing or expanding needs environments. The desalination
unit for this project would attempt to improve/maintain these key considerations while
significantly improving upon Potable Capacity Output. Additionally, the added benefits of solar
tracking systems, as well as the potential for efficiency increasing power systems, may require
the implementation of a power source and an automated system for operating the unit.
Echotec Water Makers are another competitor for consideration. Echotec produces
Reverse Osmosis Water makers on a semi-modular scale. These systems rely on electricity as a
power source, however are capable of producing large quantities of fresh water. Echotec is the
premier source of water desalination systems for the Caribbean, where desalination is the
primary source of potable water. Table 3 presents Echotecs marine product line. This product
line represents their most modular systems. Their products produce a great deal more potable
water daily than the aim of the product target in this project. The electrical requirements are
similarly immense, as is the cost per unit.

16

Table 3: Echotec Product Line
Prices US$
Semi Modular
System

Prices US$
Vertical
System

5.4

$ 6,750 (1)

N/A

n/a

5.4

$ 7,280 (1)

N/A

2 x 40 "

8.4 / 4.2

n/a

$ 7,280 (1)

N/A

143 - 3450

2 x 40 "

16.4 / 8.2

9.2

$ 7,550 (1)

$ 7,850 (2)

50 - 1200

190 - 4540

3 x 40 "

16.4 / 8.2

9.2

$ 8,660 (1)

$ 8,960 (2)

60 - 1500

227 - 5670

4 x 40 "

16.4 / 8.2

9.2

N/A

$ 9,850 (2)

Model

Production
gallons
hr. -day

500 - PRO - 1

20 - 480

75 - 1810

1 x 40 "

8.4 / 4.2

700 - PRO 2 (3)

30 - 720

114 - 2730

2 x 40 "

780 - PRO 2 (3)

32 - 768

120 - 2880

900 - PRO - 2

38 - 912

1200 - PRO - 3
1500 - PRO 4 (3)

Production
liters
hr. -day

Pressure
Amps
Vessels 115/230V
60Hz

Amps
230V
50Hz

Conclusion
While there have been many advances to water desalination technologies and to green methods
for water purification, the localized, unitized market remains relatively untapped. The products
currently available target single effect efficiency and low cost however have relatively low
output. Additionally, the products currently available utilize a limited scope of technologies,
where-as there are many value added features that can be implemented.
The future of this project will entail adding said features and technologies in such a way
as to improve upon currently available systems. The use of MSF on a small scale adds to the
originality and potential functionality of the unit. The solutions phase of this project will focus
on improving and combining available technologies in such a way as to increase output while
retaining relative low cost.
The production of this product could fit a wide variety of applications. Initial target
markets may include high needs areas, through cooperative work with non-profit organizations.
These may include providing for regions with low potable water and high disease rates as well as
emergency relief areas.
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SECTION III: METHODOLOGY

Introduction
The purpose of this project is to develop an alternate method to desalination using current
concentrated solar power technologies and methodologies to increase efficiency and output of
potable water. The complexity of this project and the multitude of different systems that a
functioning unit requires will entail a number of prototyping phases, each focusing on individual
subsystems within a “master plan.” This will further improve the accuracy of the industrial
model. Discerning the functionality and interfacing of subsystems will allow one to create a
model for final prototyping.
The main improvements upon current technologies must lay in producing greater
quantities of low parts per million (PPM) potable water at a low comparative cost. This means
that the primary focus going forward with a solution must implement multiple technologies,
either in stages or run linearly, in order to increase capacity. This study will aim at comparing the
capacity output, PPM standards, and materials/costs of modern humidification methods and
technologies.
This section will include the process for developing alternative solutions using CSP
desalination, concluding with a selected design for prototyping and testing. this design will be
used to produce subsequent prototypes based on testing results.
It is important to note that the prototype made for this project will encompass important
features for the final design for manufacturing; however, it will be a minimally viable product.
This means that the prototype will be made to test features and characteristics of systems, but
will not look or interface like the design made for manufacturing.

Potential Technologies for Inclusion
In order to determine the optimal Technologies for inclusion in this project, general technologies
were listed and weighed against each other using both qualitative and quantitative data. For a
detailed list of the potential CSP technologies considered, please refer to Appendix B.
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Table 4:: Comparative Analysis, CSP Technologies
Capacity
Rating

Technology

Value

(compared

PPM Rating

Cost

Viability

to size)

(Cleanliness)

Rating

Rating

(100%
Total:

total)

Salinity-gradient solar
ponds

1

2

3

1

7

15%

Flat-plate collector

2

3

3

3

11

24%

Evacuated tube collector

2

3

1

3

9

20%

Parabolic trough collector

3

3

1

1

8

17%

single-effect solar still

2

3

3

3

11

24%

Total:

46

To simplify the product and decisions made around the product going into the prototyping
stage, limiting the scope of available CSP options is necessary. It has been determined that the
best two technologies for moving forward are:
1. Flat-plate collector
2. Single-effect solar still
There are several features that can be applied to each technology consideration. The
product will aim to utilize each of them. The following are viewed as necessary features that can
be utilized with any CSP technology to improve its efficiency;
1. Dual Axis Solar Tracking
Tracking the sun throughout the day has a significant impact on available power output in all
CSP applications. The resultant power temperature curves have a visibly noticeable difference.
Figure 8:: Dual Axis Tracking Vs. Static (Power Output)
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Testing has shown place power output increases between 30% and 50% ("Diy 2-axis solar,"
2012) depending on the latitude of the device. The further from the equator, the greater the
increase in production.
2. Aeration System
Fans are used for multiple purposes. In the Flash and Still humidification processes, added air
flow increases the quantity of unsaturated air, allowing for a faster rate of humidification.
Theoretical modeling has shown a significant difference in potential rates of humidification and
condensation.
Additionally, fans can be used for additional cooling in the condensation process. Air flow
over the surface of the still will increase condensation levels. Cooling the exit ways of the Flash
process will also increase the rate of condensation.
3. Pallet Sized
Each of the designs is limited in size to be able to fit on a pallet. This is vital for ease of shipment
to rural and low-access areas. As a key component to ease of implementation, having the product
palletized will make for greater simplicity throughout the distribution and storage process. While
there are no international standards for pallet size, the size needs to be limited enough to fit
through a doorway; the target footprint of this product is 40in by 48in.
4. Additional Power System
In addition to the primary CSP processes, additional electrical power is needed to operate needed
secondary systems vital to functionality. These include a fan/aeration system, the motors for
controlling sun tracking, and interface controls. This will require a charging unit (using a solar
panel as the power source), battery, and all of the electronics needed.

Structural Design Sequence
The following designs were considered for progression into the testing and prototype phase
based on feasibility and functionality merits. Designs were created and used to facilitate
propagation of features that are deemed necessary or worthy and to eliminate unnecessary or
unrealistic design characteristics. Constructing a virtual model allowed for the visualization and
consideration of design features and components. The result is a staged approach to design,
expediting the process from design to prototype through the preliminary refining of design
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features. These designs are representative of the final design for manufacturing, and provide
guidance in constructing and testing a prototype.
1. Salt water is loaded into a storage tank at the highest point of the unit. It flows through a
filtration unit heated by a heliostat (mirror) array around the system (not displayed). The
water runs through a flow restrictor into the receiver of a parabolic trough. The water
reaches its first boiling point ( 214oC – 217oC), exiting into a low level condensation
process. The hot water is fed into a parabolic dish array with a specially designed
receiver, reaching a secondary higher heat boil. This in turn increases the pressure in the
system prior to being released through a sterling engine (providing electrical power
source). Adding a secondary phase to the flash heating process could increase efficiency
and the purity of water output. The salt is collected in the bottom of the receiver.
Figure 9: Structural Design 1

2. Adding a secondary phase to the flash heating procces could increase efficiency and the
purity of water output.A fresnel is light weight, efficient, and easy to implement, and is
therefore a good candidate for the secondary heating process. Water runs from the storage
tank through a receiver set at the focal point of the fresnel lens. Steam follows the same
path as in the original design . Water runs through the Fresnel receiver, then a parabolic
trough as secondary heating phase, followed by condensing coils. The unit sits on
“floating” platform, follows sun on 2 axes and will be made to fit on a pallet
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Figure 10: Structural Design 2

3. This unit was designed with a focus on modularity. This unit has key features and
improvements for consideration over its predecessors. The design utilizes a pallet sized
swivel mount allowing for free rotation. The unit is attached to a vertical swivel, giving it
the ability to adjust zenith. Both axes will be controlled using Programmable Logic
Controllers (PLCs) utilizing light diodes to track the sun. A pumping unit will control
input of water from a water source. The water will experience preliminary heating in the
storage tank, flow through a parabolic trough (bringing it near boiling temperatures) and
into a still. The resulting condensate will be collected.
Figure 11: Structural Design 3

4. This design uses a Fresnel as the primary heating source. The feed water is pulled into a
storage tank that allows for condensation collection, acting as a still. The storage tank
acts triply as a condensation cool down (also pre-heating the water), a storage tank for the
flash process, and a still. The water flows through a receiver mounted at the focal point of
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the Fresnel, where it is brought to boil. The condensate is captured and routed to a
potable water storage tank.
This design adopts several key characteristics;
•

More phases, some in parallel (for example, water storage unit uses the latent heat to
facilitate humidification/condensation process, bypassing CSP system)

•

Center of gravity for unit moved to bottom in order to minimize chassis and
powertrain requirements (all gears/motors condensed to a smaller space)

•

Design based on actual dimensions of materials

•

photovoltaic panels to provide additional power
Figure 12: Structural Design 4

Selected Structural Design for Prototype:
The prototype design will feature the primary Multistage Flash Distillation system utilizing a
Fresnel lens and a flash receiver. A multiple-effect basin still centered on the receiving unit may
be tested separately. The basin still will increase the efficiency and output for the unit through
utilizing the latent heat that would normally be wasted from the primary flash stage. Mirrors
located at the top of the unit may be used to support this process; this will be considered a
secondary priority.
Increasing air flow will also increase output; increasing throughput of low humidity air
causes for increased humidification ("Solar distillation," 2008). A fan system will be introduced
to the unit to increase output. This unit will ideally push (or pull) air through both the still and
the receiver head.
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This design was selected for its potential for design feature implementation. Moving
forward with this design allows for simple prototype adjustments; as the scope of this project is
to validate the potential for a product, being able to adjust the prototype based on testing results
is key.
Figure 13: Selected Structural Design for Prototyping

Comparing the Structural Designs:
When comparing structural designs, it is important to partition the needs of the project.
Structural design, while vitally important, has little effect on the feasibility of desalination or
capacity of output. These are more reliant on the design of the water flow system and the specific
implementation of water flow features. Therefore, the PUGH Matrix (Table 5) does not include
needs deemed irrelevant to initial structural considerations (simply for the sake of prototyping).
The values assigned to each category are power ratings with a maximum score of 5.
Table 5: PUGH Matrix for Structural Designs (Best=5)
PUGH Matrix
Design 1

Design 2

Design 3

Design 4

Best Solution

Low Cost

2

2

3

3

4

Automated

1

2

3

3

3

Low Maintenance

3

2

2

3

4

Compact

1

2

4

4

5

Portable

1

2

3

4

5
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Fresnel lens:
As the primary source of power in the system, the Fresnel lens is a key consideration when
looking at efficiency and product design. A Fresnel lens works in the same way that parabolic
lens’ work; however, the design of the Fresnel allows for a much smaller, lighter weight lens. As
shown in Figure 15, a Fresnel “flattens out” the curvature of a lens onto a flat surface, breaking
the curvature of the parabola into a flattened panel. The reduction in material use and cost along
with the large output efficiencies obtainable with the Fresnel lens make it a prime candidate for
modular water desalination.
Figure 14: Fresnel lens Functionality

Receiver Design Sequence:
The receiver unit, as the primary water producing system in this project, requires special
consideration in design. The initial designs are untested, and based purely on theory. The
subsequent designs of the receiver unit changed over time to adjust for qualitative and
quantitative observations during testing. The Receiver is designed around the water flow diagram
presented in figure 16.
Figure 15: Water Flow Diagram
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1. Design 1:
The initial design features a single water input and water output. The design is based on a
stainless steel unit. The base of the unit slides back, allowing for maintenance (such as scale and
deposit removal). The center of the unit is depressed, flattening the surface between the
receiver/collection face (the focus point of the Fresnel) and the back face, forcing the water to
make contact with the heated surface.
Figure 16: Receiver Design 1

2. Design 2:
Greater aeration is a primary consideration with this design. While easy maintenance is still
possible through the openings on either side of the unit, an air intake is added to increase flow of
“fresh” air, or air that hasn’t been humidified. The receiver chamber is larger, allowing for more
air and water to collect and humidify. This design is used in the testing phase to measure for
potential energy capacity and to qualitatively define future designs.
Figure 17: Receiver Design 2

3. Design 3:
Design 3 is utilized for the prototyping phase as well and consists of copper tubing. This material
is used due to ease of testing and implementation, as well as its thermal conductivity
characteristics. Copper, however, has several undesirable characteristics when working with
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high salinity sources. Ideally, the final model would incorporate stainless steel tubing and
possibly a ceramic coated receiver.

Figure 18: Selected Receiver Design

The farthest left tube is air (fan) inlet. The 90 degree offshoot of that is a relief valve (for
cleaning). The center inlet is a water drip with a restrictor valve; this allows for the control of
water flow to the receiver, so the system doesn’t “flood.” The farthest right tube attaches to the
top of the water storage unit, running through a coil and exiting the storage unit.
Figure 19: Feed Water Storage and Condensation Coil

This both cools the coil (increasing condensation) and heats the source water before
entering the flash stage; in the product ready design, this could be capitalized on through using
the storage unit as a still. The focus point will be on the one inch tube running at the bottom. This
unit can be opened on either end, and a steel brush can be used to clean the inside of the receiver
for maintenance purposes.
4. Design 4:
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Design 4 takes into consideration flaws noted in Design 3 through qualitative and quantitative
observations.
Figure 20: Design 4

• Feed

water storage container was poorly made

Exterior gaskets began leaking within an hour of testing. Additionally, the whole system lacked
ruggedness. It was simply too frail.
• Aeration

through receiver flawed

The design of the receiver was based on the premise of controlled water flow and their being a
fixed amount of water in the receiver at any given time (enough to allow for air to be present and
humidified). This, however, proved to be impossible as it would require a fixed rate of
humidification. Humidification, in theory, could be controlled over a period based on average,
but at any given point it could vary due to sun shift, module movement, unanticipated
temperature changes (clouds, fog, or other unknown causes) or unforeseeable circumstance.
Even slight variations could reduce the space in the receiver available for aeration, thereby
causing the fan in use to pull unpurified salinized water through.
• Latent

heat (a largely untapped source of energy in most CSP allocations) remains

unused
The feed water storage and receiver have been built into one unit, and in such a way that heat
that escapes the main flash process can be captured in a secondary still process in the feed water
storage.
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Table 6 is a PUGH Matrix for receiver design considerations. As with structural design
considerations, the PUGH for receivers isolates the needs most closely associated with the water
flow system
Table 6: PUGH Matrix for Receiver Designs (Best=5)
Design 1

Design 2

Design 3 Design

Design 4

Low Cost

2

2

3

4

Capacity: Potable Water Output

2

3

3.5

3

Low Maintenance

1

4

3

2

Functional: Desalination

3

3

4

4

Water Purification

3

3

4

4

Prototype Construction
Each phase of prototyping seeks to determine a best approach in regards to the design and
construction of a finalized prototype. Based on the findings in the prototyping phase, a final
system level design (ready to be productized) is presented. The prototype is constructed in such a
way as to promote the testing of features, in order to determine the final layout of systems and
subsystems for the manufacture ready design.
Material selection is a vital concern when considering weight, structural integrity and
durability. The ultimate goal of the prototype is to reach a point at which the unit and concept is
validated in order to move to the next phase of prototyping/development. This stage verifies the
model and design features, and materials used allow for the adjustment of those features to better
fit needs. Light weight, cost and availability are the most important factors for the model design
and the targeted market. The majority of materials used can be bought locally from contracting
suppliers.

E-BOM and System Layout Diagram:
An Engineering Bill of Materials (E-BOM) has been made based on a preliminary best design.
While this E-BOM represents the initial components and features to be considered in
prototyping, it does not show the final prototype bill of materials. Please refer to Appendix D for
the E-BOM and System Layout Diagram.
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Prototype Testing and Concept Validation
In order to determine the validity of claims in this project, one must address both theoretical and
realistic models. These tests are designed to single out and focus on a specific issue.

Project Requirements
The end product aims to utilize an area no larger than a 40” by 48”. This product is to be
deployed in single family functions, and therefore must be capable of producing enough potable
water for a single family. The average adult male requires roughly 2L of water per day,
depending on extraneous factors. Based on a family of four, this implies that the system must
product 8L of water per day.

Theoretical Validation and Benchmarking:
This test of validity is based on assumptions designed around geographic and time sensitive
limits, and relies heavily upon those assumptions. The generalizations made here are designed to
prove the capability of a product to perform as needed within physical restraints. Additionally,
the findings here will set benchmarks for efficiencies in prototype testing.
A theoretical proof of concept allows one to validate claims prior to construction. For the
sake of simplicity, all assumptions have been generalized. In future versions, more specific
information can be used based on geographic location, time of the year, and measurable
efficiency metrics.

Basics of Water Heating:
One kilocalorie (kcal) is the amount of energy required to heat a liter of water 1 degree C. To
bring 1 liter of water from ambient (18 D C) to boiling (100 D C), 72 kcal would be required.

Basics of Concentrated Solar Power Thermal Output:
The sun emits a fixed amount of power per area. This is called solar irradiance, and is generally
given in Watts per meter (W/m2) squared. In one meter squared, the sun provides 1380 W/m2
(this is considered the “Solar Constant”) to the earth’s surface. 1W is equal to 0.86kcal/hour;
therefore, the power output of the sun is approximately 1186.586kcal/m2/hr. This conversion
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implies that each M2 of the earth’s surface (assuming a perfect 90 degree tilt from the sun) has
the potential to produce approximately 1186 Liters of distilled output per day.
More realistic numbers must be used to account for latitude shift. Figures will be used
that simulate southwest conditions in the US. An annual measurement of solar radiation in this
area shows average power outputs of 7kWh/m2/day. Assuming 10 hours of operation per day,
this equates to 700Wh, or 2.52 Mega Joules. There is 4184J/kcal; therefore there are
approximately 602kcals of energy available per square meter per day. This further implies that
at 100% efficiency, approximately 8L of water can be brought to a boil using 1m2. Efficiency is
reduced in energy transfer and through imperfect collection.

The Fresnel Frame in Use:
The Fresnel being used in this project is 26inx46in, or 1.17mx0.66m=0.77m2. At 100%
efficiency using the assumptions above, this Fresnel will be able to produce 6.1L of output per
day (approximately). The structural considerations the Fresnel involve its total area as well as its
focal point, which is 31in from the panel with a 1/2in aperture. This is below the desired 12L per
day. In future stages of the design, alternative systems (such as a still) can be implemented to get
closer to the required output.

Structural Concept Validation:
The efficiency of this products structure is key to lowering power requirements. A physical
mockup of the product is used to prove the structural integrity of the model. This test is both
qualitative and quantitative, in that structural needs can be addressed from efficiency metrics as
well as from aesthetic appeal. The efficiency of this products structure is necessary to lower
power requirements.
Purpose: Determine structural needs and physical layout considerations.
Tasks:

Construct preliminary rough structural model.

Consider design requirements, including; rotary actuator(s), linear actuator(s), power
supply, physical efficiency, electronics housing, pump housing, fan housing, etc.
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Figure 21: Structural Prototype 1

Achievable Energy Transfer Validation:
This testing procedure is imperative to determining realistic energy output. The most basic way
to achieve this is through setting up a realistic system and measuring heat output. In this phase
of testing, temperature readouts were taken using a Commercial Electric Infrared Thermometer
at predetermined time intervals.
Hypothesis: Temperatures will consistently exceed the boiling point of water.
Purpose:

Determine temperature achieved over time. Determine Heat Retention of

receiver by measuring cool down after a heat source is removed.
Tasks:

Position unit to track sun. Measure temperature at predetermined time

intervals (see table 10 and table 11). Once the system reaches a maximum temperature

Potable Water Output Testing:
Testing the output of saline water in the flash condensation process is paramount to the gauging
of success in this project. Saline water is tested comparatively with Design 3 and Design 4. The
results of this test are compared to the maximum output determined in theoretical concept
validation to determine the overall efficiency of the prototype.
The prototype in use only has some of the benefits determined necessary for a successful
final product. The results obtained will be considered as a factor of potential output on the final
design.
Hypothesis: Water output will exceed 6 L/day (75% efficiency of optimal output).
Aeration System constantly cycling saturated air through receiver will improve efficiency. Feed
Water Storage is capable of acting as a Solar Still using latent heat from receiver.
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Purpose:

Determine the potable water output of the system as compared to the

maximum output determined in theoretical validation.
Tasks:

Set up prototype to track sun. Track temperature change over time, water

output, and qualitative variables.

Untested Features:
While the results from testing reveal a great deal about the potential for success with this project,
other variables must be taken into consideration that could significantly impact the output (and
efficiency) of the system. These features were outside the scope of implementation for this
project, however could be utilized in the final manufacture ready design.
•

Harnessing Escaped Heat in a Secondary Still Process

The amount of heat that escapes the primary flash process is immense and can be captured in a
secondary process.
•

Utilizing source water container as a still

The prototype preheats water going into the flash stage by using the source container to cool the
condensation coils. The energy transfer involved in this is not used to its fullest potential;
condensate collects on the surface of the source container, representing potable water that
remains uncollected.
•

Using mirrors to increase energy in system

Mirrors positioned as extendable flaps on the unit would increase the available power from the
sun, increasing the potential output of all subsystems.

Tools Used
•

SolidWorks

•

CNC Mill

•

Drill Press

•

Welding Systems

•

Skill Saw

•

Belt Sander

•

Horizontal Band Saw
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•

Systems Planning

•

Electrical Systems Planning

•

Material Selection using online databases

Conclusion
A methodological approach is required in order to complete this project. Due to the large scope
of work required, each phase of prototyping and testing must be performed with a specific
purpose. Because of this, testing and prototyping must be accomplished in unison; the results of
testing being used to adjust the prototype or design for improvement. The structural design,
although important, takes a secondary priority to the receiver design and layout.
Desalination and purification through humidification are the highest needs. Although it is
not expected that output will be within the desired range, testing can be used to validate
potential. These are regarding thermal output, flash receiver output, and derived performance
expectations for systems ran in linear and parallel to improve efficiency; such as a still built
around the receiver, a still based water storage unit, and mirrors to prevent light diffusion and to
add further concentration to the flash and still systems.
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SECTION IV: RESULTS
This section will cover the project testing results. This will entail the presentation of a product
ready system level design based on quantified results, the advantages and disadvantages of this
product, and the consideration of needs based on initial research.
The purpose of this project is to demonstrate a system for removing impurities from
water in order to make it potable. Developing a product that can be easily distributed and
maneuvered, as well as easily maintained, is paramount to its success. The target market for such
a product would be in high need areas (those without access to potable water as well as
emergency relief areas); these areas include areas with low accessibility. The preferred cost is
based on competitive pricing; due to the original nature of this product and basic assumptions,
the ideal maximum cost of production lies at approximately $500 per unit with an ideal life
expectancy ranging from 5 to 10 years.

Structural Prototyping Results
A series of structural prototypes, beginning with the framework used for concept validation in
figure 22, concludes in a final model for testing. Figure 23 shows the series of prototypes
constructed.
Figure 22: Structural Prototype Phases
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Testing Results
This section presents quantifiable results for the tests performed on the prototype. Each test is
designed to discover characteristics to be implemented in a final design. The tests are focused on
the receiver and adapting the receiver to produce a greater output of potable water, however
testing is used to validate other systems as well; these include the potential implementation of
mirrors, a still based storage container, and latent heat capture off of the initial flash process.

Achievable Energy Transfer Validation:
Test 1: Galvanized Steel (2in) Results:
The maximum output for the first energy transfer test was 301.4oF, at 90 minutes of heating.
Testing began at 9:05AM and concluded at 11:35AM.
Figure 23: Steel 2in Achievable Energy Transfer Test Results

Temperature (F)

Steel 2in -- Test 1 Receiver
Temperature over Time
(Minutes)
400
300
200

Steel 2in -- Test 1
Receiver
Temperature

100
0
0

10

20

30

90

150

Time (Minutes)

Test 2: Copper (1in) Results:
Copper is a better conductor of heat; its steep rise in temperature and rapid cooling are evidence
of this fact. The maximum temperature achieved was 276oF, less than with the steel 2in. This
was due to periodic cloud cover during testing as well as positioning of the receiver lower on the
focal plane, increasing the aperture of the focal point. The temperature remained relatively
constant due to the smaller receiver size and more accurate sun tracking.
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Figure 24: Copper 1in Achievable Energy Transfer Test Results

Temperature (F)

Copper 1in -- Test 2 Receiver
Temperature over Time
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2 Receiver
Temperature:
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Copper will be used for initial testing of water throughput. The smaller size, thinner
gauge of material, and higher conductivity of copper largely impact its effectiveness for
distillation.
This test validated achievable temperatures for boiling, however several qualitative
observations were used to improve the design of the receiver moving forward.
Problem

Table 7: Qualitative Observations in Testing and Solutions
Solution
Mirror array around receiver, refocusing diffused

Light Dispersion around receiver

light

Receiver highly reflective

paint using black substrate

Continuous adjustment needed to

implement automated system -- calculate power

maintain temperature

requirements

Potable Water Output Testing:
Test 1—Copper 1in Receiver
The first test was operated for 2.5 hours and produced 0.75L of water condensation. Over a 12
hour day, it is assumed that this system will produce 3.6L. Only using the flash process, the
Fresnel had a calculated maximum output of 8L; this represents a 45% efficient system. Feed
water contamination was a serious concern and potentially skewed results.
This test resulted in several qualitative observations, used to make improvements in the
preceding prototype phases:

37

•

Feed water storage system positioned too far above receiver

This caused the head pressure to be too great which forced the system to periodically flood.
The result was salt water being pushed through into the storage container.
•

Heat escapes primary flash process, resulting in surrounding area reaching temperatures
up to 115oF

The latent heat released from this process can be harnessed into a secondary still process,
either in the feed water storage container or in a standalone still built around the unit. The latent
heat of this process, although not harnessed, was measured at a maximum 1150-F 4in from the
receiver; enough to result in further humidification.

The results from this testing phase validate the concept model in many regards. The testing
procedure, when approached with care, produced potable output, albeit contaminated when not
observed.
Figure 25: Water Output Testing -- Copper 1in

Potable Water Output Testing -Copper 1in
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Test 2: Rigid Structured Feed Water Storage and Receiver with Feasible Aeration
Qualitative and quantitative results from Test 1 culminated in Design 4. This design ruggedized
the structure of the water flow system with each component securely fasted to the feed water
storage. The testing of this unit revealed the most insights regarding testing identified
hypotheses.
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Figure 26: Design 4

Figure 27: Rigid Structured Feed Water Storage and Receiver

•

Hypothesis: Water output will exceed 6 L/day (75% efficiency of optimal output)

The system was able to produce 0.5L in 3 hours of testing. Based on a 12 hour day, this
comes to only 2L.

•

Hypothesis: Aeration System constantly cycling unsaturated air through receiver will
improve efficiency

A fan (0.5Amperes, 8Volts, 4Wh) was used in conjunction with a potentiometer to adjust
power. While it was hypothesized that the aeration system running with continuity would
improve efficiency, regardless of the speed of the fan it seemed to defeat efficiency. A clear hose
was used to integrate the fan to the receiver. When the fan was turned off, humidification
collected in the aeration hose; but, when the aeration system was activated, condensate
proceeded to travel down the intended path through the feed water (preheating the feed water and
cooling the condensate) and into the final storage container.
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This disproved the original hypothesis that consistent aeration would improve efficiency of
the system, however provided numerous conjectures regarding the future design of the aeration
and receiver. It is known that a higher volume of air allows for greater humidification; however
air constantly pumped into the receiver seems to reduce the temperature of the receiver, reducing
humidification. Additionally, it is possible that the added pressure caused by the fan increased
the vapor point of the water. Based on this hypothesis, the aeration system was set to a relay
timer, turning it on and off periodically. This resulted in condensation running down the primary
pathway and into final storage. Cycle times were based on the visible condensate inside the
aeration tube; when the hose was clear of condensate (with the fan on) it was apparent that the
saturated air had been removed from the receiver and pushed into the primary path. When the
aeration hose started to reveal condensation “beads,” the air inside the receiver had reached
maximum saturation, and needed to be cycled through.
Subsequent testing showed that the greater the power of the fan, the less time it should
operate per cycle. This implies that while aeration replaces saturated air with unsaturated air,
allowing for greater humidification, over cycling air cooled the system and didn’t allow for air to
become saturated.
Another conjecture derived from the aeration system is through the design of the receiver.
The aeration hose exits the side of the receiver and climbs to the top of the product. Steam is hot
in nature, and went through the aeration hose instead of going into the primary line, which took
an immediate turn downward into the feed water storage. While this served a purpose (heating
the feed water and cooling condensate) it resisted the “path of least resistance” for steam. Adding
resistance to a system reduces efficiency.

•

Hypothesis: Feed water storage is capable of acting as a Solar Still using latent heat
from receiver

This design positioned the feed water storage directly behind the receiver. The heat escaping the
flash process was used in heating the shell of the feed water storage to a measured 94OF. While a
quantitative measure of the humidification resulting from latent heat was not taken, a PET cover
revealed condensate, validating it as a potential still in the final design.
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Product Ready System Level Design
The prototype was designed and constructed for testing characteristics of a selected design as a
preface to creating a finalized manufacture ready design for implementation in the market place.
This design is the first version of the product; the preceding designs, being untested, are not
considered viable for release due to their materials used, rough implementation of features, and
theory based (as opposed to quantitatively based) assumptions.

New Design:
The design implemented in the next phase of prototyping incorporates key findings from prior
testing procedures.
Figure 28: New Design

Structure:
The first consideration to note is the adjusted structure. A Fresnel lens is relatively light weight,
in this case weighing 10 lb. The original design tested had the Fresnel and water assembly rigidly
attached to each other; the next phase of prototyping will have the receiver mounted on the Lazy
Susan. The Fresnel, using a linear actuator, will have a swivel mounted just below the receiver
and feed water still. The weight reduction, and the system efficiency, will be significant, as the
receiver and feed water still accounted for the majority of weight in the tracking system.
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Figure 29: Fresnel Rotation Centered on Focal Point

Water Flow System:
The water flow system has been completely revised to increase air flow and further capture latent
heat in distilling feed source water in a still. The aeration system is fed from the electrical
component box in the critical storage containment below the still directly up into the receiver.
The receiver is centered on the feed water storage; this further capitalizes on heat escaping the
flash process. The condensation leaving the receiver exits through a tube running 2020 (22o slope
to break water friction) from the still, crossing back and reentering the still at the same angle.
The still acts as a cooling mechanism while the condensate provides additional heat to the
system. The feed water still acts as a normal still, with a glass cover on either side of the
receiver providing a surface for condensation.
Figure 30: Water Flow System

Chassis/Drive Train:
The Chassis consists of a pallet, Lazy Susan and Raised Platform. These act as the platform for
the Drive Train; a linear actuator to control zenith, and a rotary actuator to control azimuth.
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Figure 31: Linear Actuator, Pallet with Guide Rails for Lazy Susan, Lazy Susan with
Raised Platform/Containment

Electrical System:
The electrical system will consist of a solar panel, battery, a linear actuator to adjust
zenith(shown in figure 30,) a rotary actuator to adjust azimuth, a dual axis tracking system, and
an aeration system.

Advantages/Disadvantages of Design
The advantages of the design derived from the prototype are numerous. First, the concept has
been proven in that the prototype produces potable drinking water. With water purification and
desalination being of primary importance, this concept validated was paramount to the success of
the project Second, The prototype was low cost to construct. The product structure has been
validated in that an efficient design was physically created and conceptually improved upon in
the prototype design. The product was completely unitized, being highly compact and portable.
The electrical system design can be outsourced for low cost and requires low power input. Solar
Positioning Algorithms (SPA) software is readily available online for a low cost.
The disadvantages of the design are primarily in regards to resources. The prototype cost
of components and materials may exceed the previously benchmarked range ($500).
Additionally, an approach to effectively maintaining the product could not yet be determined;
while the receiver and waterways are designed to be accessible for cleaning, the corrosive effects
of salt could not be fully accounted for. While highly inert materials such as ceramic could be
implemented, the manufacturing costs associated with producing the product will rise
significantly to reduce consumer required maintenance.

Consideration of Needs for Prototype
Assessing the fulfillment of needs for the prototype is quantified and validated using testing
results, but also dependent on qualitative assumptions derived from performing those tests.
43

Table 8: Consideration of Needs for the Prototype
Need Met? (1-5)
Low Cost

3

Capacity: Potable Water Output

2

Automated

2

Low Maintenance

1

Functional: Desalination

3

Water Purification

3

Compact

5

Portable

5
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SECTION V: CONCLUSION
This section contains the summations of the project, including tasks completed and educational
merits. Additionally, this section will present ongoing concerns regarding the design and the
implementation of a business strategy for the release of said product.

Summary of Project
The testing of a prototype revealed a great deal regarding the operation, design considerations
and manufacturing of this product. The outcome of the project as a whole can be considered
successful. The system functioned desirably. It produced potable water without the
implementation of secondary water humidification features that would themselves increase
output significantly. Additionally, the concept can be considered obtainable based on the
outcomes generated. While the efficiencies of subsystems require additional work to generate a
product ready-for-market, the systems themselves have been proven.
The initial stages of the project entailed researching concentrated solar power in all of its
forms and current methods and uses of desalination. That research was then applied to finding a
market for the product and identifying the qualifying factors for potential customers. This
information was used to conceptualize and design solutions to that market need. This process
resulted in a final selected design to bring to the prototyping phase.
Moving forward, this information was utilized to design and test features of the selected
design. The nature of the preceding stages was adaptive; the design was updated and adjusted
throughout the prototype testing phase to account for key quantitative and qualitative indicators
toward the manufacture and implementation of a final product. While the subsystems of the
product require additional work, the resources required to do so (time and money) are considered
outside the scope of this project.
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Educational Merits:
The primary purpose of a senior project is to utilize the Industrial Technology curriculum to
exercise a qualitative and quantitative understanding of a subject. The process of developing and
implementing a prototype for testing and the results and conclusions drawn from that testing has
entailed the use of many Industrial Technology courses and support courses. While the degree of
use varies, each course in table 9 was important to the successful conclusion of the project.
Table 9: Educational Merits of Project
Senior Project Capstone Experience
Industrial Technology Courses

Degree of Use (1-5)

IT

233

5

IT

137

3

IT

150

5

PHYS

121

4

PHYS

122

4

IT

403

3

IT

260

5

IT

326

5

IT

329

3

IT

407

3

IT

428

2

There is a great deal of educational merit to be taken from this project. An in depth study
of Concentrated Solar Power and Desalination was educational and interesting – not to mention
inspirational. There is a real problem that must be solved, and these two technologies working in
conjunction are a truly viable solution. The required appeal to structural mechanics and spatial
considerations were an exercise in planning and design on a scale not experienced before. The
task of organizing and planning such a large scale endeavor afforded qualities in project
management from the planning and execution perspective.
Additionally, scope of work and defining the scope of a project are vitally important.
Misgauging the amount of resources or time required could result in catastrophe. Product
Conceptualization, Design and Prototyping can be an iterative and enduring process, and
undertaking such endeavors must be calculated and methodical.
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Implementation of a Business Strategy
There are several approaches that can be used in releasing this product to market. While
commercialization is a goal, the ways in which to reach that goal are varied. Essentially, these
can be broken down into two categories; licensing or creating a startup. In either scenario, high
needs markets are the target market; non-profit organizations are a natural option.

Creating a Startup:
Creating a startup around the product would allow for absolute control of the product’s
development without the added constraints of a set business structure. However, creating a
startup would require a great deal of investment from Angel Investors and potentially Venture
Capitalists to improve and condition the manufacture ready product. This would add another
dynamic of issues moving forward; potentially hampering the development of the project
through task and focus disputes, concerns with financing moving forward, or bureaucratic issues.

Licensing:
Licensing would be beneficial for multiple reasons. Firstly, the licensing of the product would
allow for a larger company with far greater resources to lead its commercialization effort. This
product requires a great deal of time and investment in order to achieve the next stage in meeting
market needs; many businesses have been working for years on improving the efficiency of
desalinating systems.
Secondly, licensing allows for the focus of the originators to be used on product
improvement as opposed to hunting for capital or distribution channels. Again, the future
improvement of this product will require a great deal of capital investment. Reassigning these
tasks to a larger (or better financed) business will allow for the focus of engineers to lie in
improving the product with less constraint.

Non-profit, Charitable Organizations:
Regardless of the path to commercialization, non-profit organizations would be an excellent
resource for finding a primary market; those with high needs. One method for achieving
commercial viability would lie in creating a non-profit in which capable persons can buy a
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product for a respective family. Similar programs are present today with food supply services;
however none exist to address water needs.

Open Problems
While the features of the design have been validated independently, the final, manufacture ready
design has not been prototyped and tested. Systems planning can only take a concept so far;
actually constructing a finished unit is needed to fully confirm its functionality and intended use.
The costs involved in producing a manufacture ready prototype are immense and outside
the scope of this project. This also leads to an added concern; low cost is considered a necessity
for success with this product. The finished unit will likely be outside the desirable range.
Another weighted concern is maintenance of the product. Saline solute has intensive
corrosive properties. The receiver and other water ways must be maintained regularly to avoid
oxidation and premature failure. While resistive materials are available, such as ceramic and
compact oxide layer glazes, the implementation of such materials is expensive and these
materials require individualized attention themselves.

Future Work:
Due to the complex nature of this product, there are many potential tasks for inclusion in the next
phase of prototyping. Based on the results of testing, priorities lie in reconfiguring the receiver
for increased air volume, determining the optimal aeration method(s) and configuring the feed
water container to most adequately utilize latent heat from the flash process in functioning as a
still. Other tasks moving forward with the next phase of prototyping include:
•

Configuring the full system to be low maintenance

•

Implementation of an Electrical System

•

Implementation of an Automated System

•

Fully Ruggedizing the Chassis

Conclusive Observations
Based on the quantitative and qualitative validations performed in this project, it is evident that
moving forward with the next phase of prototyping is not only viable, but highly reasonable. The
product has potential to heavily impact high need markets. With more time and resources, the
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project could potentially make significant improvements on bringing technologies and high
efficiency systems that were previously only available in large scale applications to the consumer
level.
Conjectures developed around the aeration system and the harnessing of latent heat off of
the initial flash system could prove especially fruitful. While the science presented around these
issues is largely qualitative in nature for the sake of this project, the concepts have been validated
on a modular level. With more time, another prototype will be constructed in order to fully
validate the automation, electronics, aeration and water flow system presented in the Product
Ready Design section. On testing the structural components of the prototype, the updated
structural design could prove highly efficient and extremely viable for deployment as a salable
product.
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APPENDICES

Appendix A – Gantt Chart
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Appendix B – List of Potential Technologies for Implementation
Potential Technologies for implementation:
5. Flat-plate collector
a. Linear with MSF
i. Water preheated before entrance into flash receiver
b. Parallel with MSF
i. Ran separately from holding
ii. Uses latent heat from MSF to
1. Condense water exiting MSF process
2. Further increase heat/efficiency of flat-plate collector
6. Single-effect solar still
a. Linear with MSF
b. Parallel with MSF
i. Wick still
ii. Cover cooling
iii. Additional condenser
iv. Multiple-effect basin still
v. Added air flow
vi. Uses heat from MSF – Active
7. Evacuated tube collector
a. Linear with MSF
i. Used as receiver
ii. Preheating water between holding and MSF Receiver
b. Parallel with MSF
i. Fan out around unit – flower array
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Appendix C – Testing Results
Achievable Energy Transfer Validation:
Test 1: Galvanized 2in Receiver
Table 10: Achievable Energy Transfer Validation -- Test 1 -- Galvanized 2in
Start Time:
9:05AM
Ambient Temperature (At Start):
45
End Time:
11:35AM
Ambient Temperature (At End):
58
Galvanized 2in -- Test 1
Duration
(Minutes):
Receiver Temperature(F):
Qualitative
0
52.5
5
100
A great deal of light is dispersed around the unit
10
113
Highly reflective
15
118
20
119.4
Temperature largely dependent on angle of
25
126.1
Fresnel to receiver
Continuous adjustment of zenith to sun -maintain focus point at point on receiver tangent
30
148.1
to Fresnel
60
211.4
2.5 minute human error @ 50 minutes
90
301.4
120
287
2.5 minute human error @ 105 minutes
150
285.6
Test Concluded

5
10
15

Thermal Retention:
165.4
138
121.8
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Test 2: Copper 1in Receiver
Table 11: Achievable Energy Transfer Validation -- Test 2 -- Copper 1in
Start Time:
12:45PM
Ambient Temperature (At Start):
End Time:
3:15PM
Ambient Temperature (At End):
Duration
(Minutes):
0
5
10
15
20
25
30
60
90
120
150

65
73

Receiver Temperature (F)
72.2
207.6
230.7
235.6
255
260.8
268.4
276
269.6
255.6
267
Thermal Retention:
115
102

5
10

Potable Water Output Testing:
Test 1—Copper 1in Receiver

Start Time:
End Time:

Duration (Minutes):
0
30
60
90
120
150

Table 12: Potable Water Output Testing – Design 3
Ambient Temperature (At
8:00AM
Start):
Ambient Temperature (At
10:30AM
End):
Receiver
Temperature
(F)
55
227
233
246
243
258

Qualitative Variables:

Aeration fan pulling feed
water through
cloud cover
0.75L
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46
64

Temperature (4in from
receiver) (F)
57
96
98
115
90
99

Appendix D – Prototype E-BOM and System Layout Diagram
Table 13: Engineering Bill of Materials
Assembly
Component
Level:

Component

Description:

Name:

Quantity
:

P
P1

Base/Chassis

P1S1

Pallet

P1S1-1

Swivel Mount

P1S1-2

Wood Support

Wood for Bracing/Securing Chassis

24ft

P1S2

Wheels

Wheels for maneuverability

6

P2

Fresnel Frame

support Fresnel and water systems

P2S1

Fresnel Lens

provide CSP functionality

P2S2

Wood Framing

P3

P3S1

1

50ft

Water Source
Screen

P3S3

Storage Tank

prevent debris from entry
outdoor hosing for run from source to
storage
simple bag

Initial Water
Filtration

P3S5

Still

P3S6

CSP Receiver

P3S8

Frame

System

Collection Hose

P3S7

Swivel/hinged mounting system for Fresnel

1

Water Flow

P3S2

P3S4

Pallet Base

simple water filtration
secondary water humidification process
(sheet metal, wick)

1
1

1

Steel or Copper tubing

1

Cooling System TBD

1

1/4 to 1/2 in hosing for running between

50ft

Water Condensing
System
System Hosing

50ft
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subsystems
P3S9

P4

Potable Water

simple tank (3ga?). Easily removed for

Storage Tank

water collection

1

Electrical
Assembly

P4S1

Solar Panel

12V

1

P4S2

Charge Controller

12V

1

P4S3

Battery

12V

1

P4S4

Fan (Venting

1

System)

P4S4-1

Hose

50ft

P4S4-2

Air Filter

1

P4S5

P4S6

Water Collection

1

Pump
Dual Axis Sun

1

Tracker

P4S6-1

Motor

12VDC, Low RPM, High Torque

1

P4S6-2

Gears

Simple Bike Gears

4

P4S6-3

Bike Chain

Simple Bike Chain

2

P4S6-4

Linear Actuator

1

Naming Convention Key:
P1S2-3
P = Primary Level, 1 = Primary Assembly Number, S = Sub-assembly Level, 2 = Sub-assembly
Level Number, -3 = Secondary Sub-Assembly
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Figure 32: Initial System Layout Diagram
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